L e v D a v y d o v t t c h L a n d a u was born on 22 January 1908 in Baku, a large university town, then the chief petrol-producing centre in Russia. Landau's father was an engineer, working in the petrol industry; his mother was a medical doctor who also worked on physiological research. Lev's older sister, Sofia, subsequently became a chemical engineer.
The family was comfortably off and Landau started his education in a gymnasium. His exceptional talents were recognized at a very early stage and he finished school at thirteen. He was too young to go to university so his parents sent him to technical school where he studied economics. His mathematical ability became apparent equally quickly-at thirteen he was already familiar with analysis. In 1922 he entered the University o f Baku where he simultaneously studied in two faculties (Chemistry and Physics) but he stayed only two years and in 1924 moved to the Department of Physics at the University of Leningrad. With the University of Moscow, this was the leading higher education establishment in Russia. He completed the course by 1927, having been appointed a Supernumerary Fellow in the previous year.
In 1926 Landau published his first scientific work, cOn the theory of the spectra of diatomic molecules'. This thesis, produced when he was 18 years old, already gave proof of a mature scientist; research carried out during the next year (1927) referred to the problem of damping in wave mechanics. This was the first time that a description was given of the quantum states of systems with the aid of density matrices. During these years Russia was still suffering from the tragic aftermath of war, which had culminated in the Revolution of 1917, and the conse quences of yet more difficult years of intervention and civil war. Life had only just returned to normal. In spite of the difficult economic situation and general disorder, scientific life began to develop at a fast rate not only in the universities but also in newly-established scientific research institutions.
This development was chiefly due to the young scientists who had been educated after the Revolution. At that time there were only two distinguished senior physicists in Leningrad who had considerable influence on the progress of science: D. S. Rozhdestvensky and A. F. Joffe. Both were experimentalists, Rozhdestvensky is known for his work in the field of spectroscopy and optics; Joffe was a student of Rontgen and achieved fame for his work on solid state physics. There were no senior scientists of note able to set up a theoretical school. However, P. S. Ehrenfest had lived and worked in St Petersburg for five years before the war. He was Austrian by birth. After living in St Petersburg he was invited to the University of Leiden to take the Chair which had become vacant on Lorentz's retirement. Ehrenfest left behind in Russia several talented students who were even then well known for their theoretical work; among them V. R. Bursian, G. G. Weichard, Yu. A. Krutkov and V. K. Fredericks. While Landau was at the University of Leningrad, these young men led the teaching of theoretical physics.
In contrast, mathematics was taught by such important scientists as V. A. Steklov and A. A. Markov who continued Tschebyshev's traditions.
Thus, while Landau was at university, research in the field of theoretical physics was only just beginning and theoretical physicists developed without supervision from distinguished senior scientists. They worked on their own, exchanged experiences and held seminars. All young scientists at that time felt a great need for travel abroad so as to participate in the work of leading scientific centres and to meet distinguished scientists working in the West. Theoretical physicists turned to such schools as Bohr's in Copenhagen, Debye's in Zurich, Sommerfeld's in Munich and Ehrenfest's in Leiden.
In 1929 Landau went abroad for the first time and was away for one and a half years. The tour was very beneficial but his stay in Denmark with N. Bohr was particulary fruitful. Landau was enchanted by Bohr's talent as a teacher, his personal charm and his personality as a scientist. In Landau, Bohr soon recognized not only a gifted scientist but, in spite of a certain abruptness and extravagance of manner, a man of great spiritual worth. Landau regarded Bohr as his only teacher in theoretical physics and I think he also learned his teaching and training methods from Bohr. The success of the school of theoretical physics which Landau subsequently founded in the Soviet Union undoubtedly owed much to Bohr's example. Landau maintained a sincere and warm friendship with Bohr and his family throughout his life. He went to Copenhagen in 1933 and 1934 and also spent much time with Bohr during the latter's visits to the Soviet Union in 1934, 1937 and 1961 . During his stay abroad, Landau did his work on diamagnetism of the electron gas and (together with R. Peierls) on relativistic quantum mechanics, which achieved wide fame.
In 1931 he returned to the Physical-Technical Institute in Leningrad founded by Joffe immediately after the Revolution and by then the chief physical institute in the U.S.S.R. In the thirteen years of its existence the Institute had grown considerably and branched out into other scientific centres all over the Soviet Union. There were three major centres in Tomsk, Sverdlovsk and Kharkov, the capital of the Ukraine. From his earliest years Landau devoted his intellect to science. He worked out an extremely original process of research whose basic characteristics lay in the fact that it was difficult to differentiate Landau's own work from that of his students. It is hard to imagine how he could have been so successful in so many fields of physics without his students. This work was achieved in the course of non-stop discussions and regular seminars at which Landau was the most active participant and often lectured. Unlike the majority of theoretical physicists, his lectures were short, precise and ex pressed extremely concentrated ideas. Landau's comments on lectures given during seminars and conferences were equally precise and clear; he did not miss an opportunity to point out sharply the lecturer's fault. In his youth he behaved thus to distinguished professors and made enemies in high academic circles. If it had not been for his great talent and devotion to science, his career could have suffered considerably. With his students Landau entered into most friendly relationships and there was no outward form of respect. One could make a joke and laugh at his expense as he did with others.
It was not easy to join Landau's school. One had to pass a number of special examinations for which he devised the syllabus himself, including not only mechanics and theoretical physics, but also mathematics (in a form required for theoretical physics). Examinations were held in several stages and some times lasted many months at a time. Landau called the examination pro gramme 'the theoretical minimum', constituting the minimum knowledge required by a scientist to embark on successful research in theoretical physics. Only a few managed to pass this examination-about forty alto gether. To these students Landau generously gave of his time and granted them great freedom in their choice of subjects. Their work was published under their own names.
For his part, Landau gained much from his students. He read no scientific literature himself but this was read by his students who told him about it. He was usually interested only in the basic idea of each new project. If it interested him he drew his own mathematical conclusions, often using a method different from the one employed by the author. As a result Landau penetrated into contemporary theoretical physics to an exceptional depth.
His wish to impart knowledge to others, especially his students, gave Landau the idea while still in Kharkov of creating a Course in theoretical physics, which is now widely known as Landau's and Lifshitz's manyvolumed treatise. Landau would be unable to write such a course on his own; in spite of his being an excellent lecturer, he was not very good at expressing his scientific work in writing. Among the young physicists working at Kharkov were two brothers: Evgeny and Ilya Mikhailovich Lifshitz. Both were talented scientists with a wide grasp of theoretical physics. The elder, Evgeny Mikhailovich, has, in addition, a talent for literal In order fully to cover contemporary theoretical physics, the authors pro posed to write another two volumes: Relativistic quantum theory and Physical kinetics. The untimely death of Landau prevented this. These volumes will now be written by Lifshitz together with Landau's student, Pitayevsky. All nine volumes of the course in theoretical physics will then be complete.
The significance of this unique course can be gauged by the fact that it has already been translated into nine languages and has been published in England, U.S.A., Germany, Spain, Poland, Yugoslavia, Japan and China.
The distinguishing feature of this course is that it is as useful to the research worker as it is to the student. Its chief merit lies in its close connexion with the demands of present-day physics. An experimental physicist finds in it theory expressed in such a manner as to aid interpretation of experimental data. This feature is not accidental; it is the result of Landau's constant interest in experiment. He enjoyed studying the results of experiments, evaluated them and discussed their theoretical significance. He felt that in scientific research the connexion between theory and experiment had to be clearly exposed. Experimentalists in their turn greatly enjoyed discussing with Landau the results which they obtained and this undoubtedly helped the development of healthy scientific thought in the Institute of Physical Problems. To what extent Landau valued this connexion with experiment is revealed by the following. His theoretical department at the Institute was small (there were no more than ten research workers and aspirants). Although I suggested that the Academy might set up a special Institute of Theore tical Physics on as large a scale as he wished, Landau not only declined, but even refused to discuss the matter. He said that size was not important and he was extremely happy to be classed as a staff member of the experi mental institute. He took a vital part in the life of the Institute, regularly attending all scientific meetings and displaying great interest in all the various events which are part of the life of a scientific establishment.
As a scientist, Landau worked very hard, with great passion. His basic strength lay in his clear and completely logical thinking founded on very wide erudition. But this strict attitude did not prevent him from recognizing the aesthetic side of science, which led him to use his feelings not only in his evaluation of scientific achievement but in the evaluation of the scientists themselves. Landau was always ready to give his appraisal which was apt and usually witty, especially in negative criticisms. These witticisms were quickly passed around and finally reached the subject under criticism, which naturally complicated Landau's relation ships with people, especially when the subject of his criticism occupied a responsible position in academic circles.
Landau was a very widely educated man. He had a good knowledge of English and German, and read French easily. He read a great deal of fiction, and he was interested in various forms of art, but music left him quite cold. His opinions on these subjects were, as usual, clearly stated and original. He expressed criticism by giving marks, with lively judgement and sharp paradoxes. Landau was interested in politics and his views were liberal and progressive; but here, too, his opinions were sharply defined and he painted events black or white; there were no half tones.
His uncompromising attitudes, typical of all distinguished scientists in their work, extended to Landau's personal relationships. However, those who knew him well were aware that behind the abruptness was a very kind and responsive man, always ready to help people who had been unjustly wronged. In his youth Landau was very shy and even shunned society; any contact with people required great effort. It would appear that with age this shyness waned but Landau was never able to adjust to society. It was only the many-sided talents of Landau's personality which drew people to him, and as he got to knowr them they would begin to like him and find great pleasure in his company. Everybody at the Institute of Physical Problems loved Landau and his loss is sorely felt by the whole staff and in particular by his students, whose feelings towards him were especially profound.
Acknowledgement of Landau's scientific merit was shown by a number of academic awards in the U.S.S.R. and abroad. He was elected Member of the Academy of Sciences of the U.S.S.R. in 1946; awarded State Prizes on three occasions (1946, 1949 and 1953) ; the Lenin Prize in 1962; given the title of Hero of Socialist Effort in 1953 for his scientific activity and for fulfilling government projects; twice awarded the Order of Lenin, and several other medals.
He was a Foreign Member of the Royal Society, the Academies of Denmark, the Netherlands, the U.S.A. and several other scientific establish ments. In 1962 he was awarded the Nobel Prize for his pioneer research in the theory of condensed state, especially liquid helium. He also received the Max Planck Medal in 1961 from the German Federal Republic, and the F. London Prize from the U.S.A. in 1961.
S u r v e y o f s c ie n t if ic p u b l ic a t io n s
The most characteristic feature of Landau's scientific output was its exceptionally wide range; it encompassed the entire sphere of theoretical physics from hydrodynamics to the quantum field theory. In this age where narrow specialization is on the increase, scientists, including Landau's students, understood each other less and less, but Landau united them, always maintaining a truly remarkable interest and competence in all physical matters. Participants at seminars which he led often had difficulty following his sudden switching of subjects from, say, properties of strange particles to electron spectra in silicon.
Any tendency to complicate simple things-rather widespread nowadayswas foreign to Landau's scientific style. On the contrary, he always aimed to simplify complicated matters and to show as clearly as possible the fundamen tal simplicity inherent in the basic phenomena of natural laws. He took a certain pride in what he termed 'trivializing' matters. His scientific articles bear all the signs of this style: the clarity and distinctiveness of the physical statement of problems, the straightest and most elegant way to their solution, nothing extra.
The following short survey should indicate the wealth and diversity of Landau's works and clarify to some extent their place in contemporary physics. A cursory glance at the list of his publications will show that there are no lengthy periods during his life when he worked solely in one field of physics. Hence the discussion of his work is not chronological but, where possible, according to subject.
Several of Landau's early works were on general problems of quantum mechanics. His activity began in the last years of the heroic period of theoretical physics-the period in which quantum mechanics became estab lished. He would reminisce in later years about his state of ecstasy as an eighteen-year-old boy when studying the articles of Heisenberg and Schrodinger announcing the birth of a new mechanics. And it was only a year later, in 1927, when Landau first introduced into the discussion of radiation damping a notion of incomplete quantum mechanical description realized with the aid of quantities subsequently known as 'density matrix' (2).* This is the most general description for the state of quantum systemsmore general than the description with the aid of a wave function which arises only when the measuring process which had created the given slate is complete.
Two articles (5) are devoted to the calculation of the probabilities of quasi-classical processes such as different processes of energy transfer during not too fast atomic and molecular collisions. The difficulty of this problem lay in the fact that, in view of the exponential dependence (with a large imaginary exponent) of quasi-classical wave functions, the integrand in the matrix elements turned out to be quickly oscillating, which hampered the * The numbers in parentheses refer to the serially numbered Bibliography at the end of this memoir.
evaluation of the integral. Prior to Landau all research on similar subjects turned out to be faulty; he was the first to introduce a general method of calculating quasi-classical matrix elements and adapted it to a number of concrete processes.
In 1930 Landau (together with R. Peierls) published a detailed study of the limitations introduced into the quantum mechanical description by relati vistic demands (4); this gave rise to lively discussions. The basic result lay in the establishment of fundamental limits to the possibility of measuring the particle momentum: the uncertainty of the result is inversely propor tional to the duration of the measuring process so that an exact measuring of momentum would have required an infinite time. Hence it follows that in the sphere of relativistic quantum mechanics no dynamic variables characterizing particles in their interaction, can be measured and the only measurable quantities are momenta of free particles which characterize the initial and final states of colliding particles. In this lies the physical roots of those difficulties which arise in the transposition into a relativistic sphere of usual quantum mechanical methods employing notions which lose their meaning in this case; for example, 'P operators which constitute the basis of the existing method of quantum field theory. Landau again returned to the problem in his last published article (67) where he expressed his conviction that these IP operators as carriers of non-observable information and with them the entire Hamiltonian method should disappear from future theory.
Landau's research on the foundations of quantum electrodynamics (51-54, 58), conducted with A. A. Abrikosov, I. M. Khalatnikov and I. Ya. Pomeranchuk, supplied him more reasons for this conviction. This research started from the notion on point-interactions of elementary particles as the limit of 'smeared-out' interactions as the radius of the smearing-out vanishes. This immediately allowed them to obtain finite expressions. It further became possible to sum up the perturbation theory series and as a result asymptotic expressions (at large momenta) were obtained for the basic quantities in quantum electrodynamics-the so-called Green functions and vertex parts. From these expressions, in turn, was found a connexion between the physical charge and the electron mass and their 'intrinsic' values which enter as parameters into the initial formulation of perturbation theory. Examination of what had been achieved led to an unexpected result: it appeared that in the limit of a point-interaction the physical charge of the particles vanishes and theory is 'nullified'; thus the great difficulties of the existing theories appear to be connected not so much with the appearance of infinite expressions as with their vanishing.* The future will show how justified was Landau's proposed programme
Biographical Memoirs
* Incidentally, in connexion with demands for a stricter proof of this assertion, in article (67) there is a characteristic expression by Landau: 'In view of the shortness of our life, we cannot allow ourselves the luxury of dealing with problems which do not promise new results.' for the construction of a relativistic quantum field theory. In his last years he was intensely involved in this. In particular he developed a general method for the determination of the singularities of the quantities which figure in the apparatus of quantum field theory (66). The 'Landau diagrams' introduced in that paper are now of great use in the hands of his successors.
After the discovery in 1956 of non-conservation of parity in weak inter actions Landau immediately offered his theory of a neutrino with a fixed helicity (projection of the spin along the direction of motion) and he also advanced the principle of conservation of 'combined parity'; that is how he termed the simultaneous application of space reflexion and charge con jugation (an operation which consists in the interchange of particles and anti-particles) (62). According to Landau, by so doing the symmetry of space would be 'saved'-the asymmetry was transferred to the particles themselves. This principle in fact appeared to have a wider application than the law of parity conservation. As is known, however, in recent years processes have also been discovered which do not conserve combined parity; the meaning of this violation has not yet been clarified. and deep analysis. Landau used to say that this problem cost him more effort than any of the others he solved.
In 1937 Landau published an article on nuclear physics (22). This article is a quantitative incarnation of ideas advanced by Niels
In passing to Landau's work on macroscopical physics, we begin with several papers, comprising his contribution to the physics of magnetism.
According to classical mechanics and statistics, the change in the character of the movement of free electrons in a magnetic field cannot lead to the appearance of new magnetic properties of the system. Landau was the first to establish the character of the motion in a magnetic field in the case of quantum mechanics and showed that quantization completely changes the situation, leading to the appearance of diamagnetism of the free electrons gas ('Landau diamagnetism' as this phenomenon is now called) (3). In the same work he foresaw the periodic dependence of the magnetic susceptibility on the magnitude of the magnetic field at large values of the latter. In 1930 this phenomenon had not yet been observed and it was only discovered experimentally afterwards (the de Haas-van Alphen effect); the quantitative theory of this effect was advanced by Landau in a later paper (27) .
A short article published in 1933 (8) has a significance far exceeding the framework of the main question raised-on the possible explanation of the dependence of magnetic susceptibility of a certain class of substances on a field at low temperatures. For the first time the notion was introduced of anti-ferromagnetism (although this term was not used) as a special phase of magnetic substance differing from the paramagnetic phase by its symme try; the transition between the two states should correspondingly take place at a strictly defined point. About one year previously Neel (independent of Landau) forecast the possibility of the existence of substances which magneti cally consisted of two sub-lattices with opposite moments. However, Neel did not suppose that a special state of matter was involved, he merely assumed that the paramagnetic at low temperatures could gradually change into a structure consisting of several magnetic sub-lattices.
The theory of the structure of ferromagnetic bodies, consisting of elementary domains, spontaneously magnetized in different directions ('magnetic domains' according to contemporary terminology) was propounded by P. Weiss in 1907. However, there was no approach to the problem of a quantitative theory of this structure. The work published by Landau (in collaboration with E. M. Lifshitz) in 1936 showed that this theory must be built on the basis of thermodynamic notions, and the shape and size of domains in a typical case were established (11). The macroscopic equation of motion of the magnetization vector of the domains was also propounded in this paper and with its help were developed the foundations of the theory of dispersion of the magnetic permeability of ferromagnetics in a variable magnetic field; in particular the phenomenon of ferromagnetic resonance was forecast.
In a short article published in 1933 (7) Landau expressed the possibility of the 'self-localization' of an electron in a crystal lattice in a potential well, arising from its own polarization action. Such an electron was sub sequently termed 'polaron' and the idea itself became the foundation of the polaron theory of the conductivity of ion crystals. Landau returned to this subject in a later paper (in collaboration with S. I. Pekar) devoted to the establishment of the equation of motion of a polaron in an external field (43).
In another paper Landau published the results he achieved (together with G. Placzek) on the fine structure of the Rayleigh scattering line in liquids or gases (9). In the 1920s Brillouin and Mandelstam showed that due to the scattering by acoustic vibrations this line should split into a doublet. Landau and Placzek pointed out the necessity of scattering by entropy fluctuations, not accompanied by any change in frequency; instead of a doublet one should observe a triplet.
Two of Landau's papers are devoted to plasma physics; one included the kinetic equation taking into account the Coulomb interactions between particles (17): the long-range of these forces prevented the employment in this case of the usual methods of setting up kinetic equations. In the second paper on the vibrations of plasma (39), it was shown that even in condi tions where it is possible to neglect collisions between particles in the plasma, high-frequency vibrations will still be dampened (Landau damping). In theoretical writing Landau was always irritated by what he called 'philology'-unproven assertions advanced on the principle of 'couldn't this be so'. His work on the vibrations of plasma was a reaction against such 'philology' which, according to him, pervaded all previous works on this theme; for example: the unjustified substitution of diverging integrals by their principal values. He attacked this problem personally in order to prove that he was right.
Compiling the relevant volume of the course in theoretical physics stimulated a comprehensive study of hydrodynamics. In particular, Landau's fresh and original viewpoint found a new approach to the problem of the setting-in of turbulence; he clarified the basic properties of the process of gradual development of non-stationary condition during the increase of the Reynolds number after the loss of stability by laminar flow and he predicted variants differing in their quality which could take place here (33). In studying the qualitative properties of supersonic streamlining of bodies, Landau came to the unexpected conclusion that away from the body there must exist not one, as was usually presumed, but two shock waves (38). Even in such a 'classical' problem as the theory of jets he managed to find a new accurate solution (unnoticed hitherto) for the axially symmetrical 'sub merged' jet of a viscous incompressible liquid (32).
The theory of second-order phase transitions occupies a prominent place in the scientific output of Landau.* The conception of phase transitions of different order was first formally introduced by Ehrenfest-depending on the order of thermodynamic derivatives which could experience a jum p at the point of transition. (Thus, at a first order phase transition the energy and volume of the body experience a jump, at a second-order transition only their temperature derivatives, i.e. the heat capacity and coefficient of thermal expansion.) However, the physical reason for these different kinds of transition were left unsolved; only rather vague and unfounded assump tions were expressed in the literature. Landau was the first to point to the deep connexion between the possibility of the existence of a continuous (in the sense of the change in the state of the system) phase transition and a discontinuous change of some symmetry property of the body at the transi tion point. He also showed that at such a transition point not every change of symmetry is possible, and he offered a method allowing the determination of admissible types of change of symmetry. The quantitative theory developed by Landau was founded on the assumption of the regularity of the series expansion of thermodynamic quantities near the transition point. At present it is clear that such a theory, which does not take into account the possible singularity of these quantities at the transition point does not reflect all properties of the phase transition. This peculiarity greatly interested Landau and during the last years of his life he worked much on this difficult problem, but did not have time to arrive at any definite conclusions.
The phenomenological theory of superconductivity (47) expounded by Landau (together with V. L. Ginzburg) in 1950 was evolved along the same lines as the theory of phase transitions; incidentally, it later became the basis for the theory of superconducting alloys. In this theory appear quantities and parameters, the significance of which was not altogether clear at the beginning; it became clear only after the appearance in 1957 of the microscopic theory of superconductivity which allowed a firm justification of the Ginzburg-Landau equations and established the range of their adaptability. In this connexion one could learn from the story of a mistaken statement which was included in their original article. In the theory figures a parameter e*, which enters into the equation for the 'effective wave function' of superconducting electrons in the same way as the normal electron charge enters into the Schrodinger equation for a free electron in a magnetic field. It could be thought that in the phenomeno logical theory this parameter should be some effective charge not necessarily directly connected with the charge of the free electron e. However, Landau rejected this idea, pointing out that an effective charge is not universal and should depend on various factors (pressure, composition of the specimen, etc.); in that case in an inhomogeneous specimen e* would have been a function of the coordinates and this would have destroyed the gauge in variance of the theory. Hence it was said in the article that . there are no reasons to believe e* to be different from an electron charge.' We now know that, in reality, r* corresponds to the charge of a Cooper pair of electrons, i.e. e* = 2 e ,and not e. This value could of course be foreseen only on the basis The discovery and explanation of superfluidity is also remarkable for its truly constructive interaction between experiment and theory. The research of Kapitza and Landau was carried out in close scientific co-operation and there is no doubt that results of the wide experimental research into processes of heat transfer in liquid helium carried out by Kapitza in 1939-41, had a stimulating effect on theoretical constructions. For his part, Landau formulated his theories while these experiments were still in progress, which made it possible to interpret the results of new experiments immediately. The results of Kapitza's research were published in two articles submitted to the editor of the Journal of Experimental and Theoretical Physics in October 1940 and May 1941 . If, in the former, the author had to resort to an artificial working hypothesis for the systemization of his results, in the latter article the working-out of the experimental data was aided by the theoretical formulae of Landau, published in the same issue of the journal. In this way, the measurement of thermomechanical effect, proving its thermodynamic reversibility, made it possible to calculate the temperature-dependence of the entropy of liquid helium which appeared in agreement with the theory. Thus the superfluidity theory was born already corroborated by experi ment. In its turn, the theory enabled new experiments to be mooted and subsequently carried out at the Institute of Physical Problems: the direct observation of two types of movement in rotating helium, and the observa tion of 'second sound' in helium, excited by temperature oscillations.
The basis of Landau's theory is the notion of 'quasi-particles' (elemen tary excitations) which compose the energy spectrum of liquid helium. Landau was the first to put the question of the energy spectrum of a macro scopic body in this most general form, and he also found the character of the spectrum for a quantum liquid of the type to which liquid helium (the 4He isotope) belongs; this is now called the 'Bose type' spectrum. During the work carried out in 1941 Landau supposed that the spectrum of the elemen tary excitations is made up of two branches: phonons-with a linear dependence of the energy e on the momentum , and rotons-with a quad ratic dependence separated from the ground state by an energy gap. Subse quently Landau found that this form of the spectrum was theoretically unsatisfactory (because it was unstable) and a careful analysis of full and accurate experimental data which had appeared by that time led, in 1946, to his establishing the famous spectrum, containing only one branch, in which the minimum on the graph e(p) corresponds to the rotons. Macroscopic ideas of the theory of superfluidity are well known. Basically they lead to the notion of two motions simultaneously originating in the liquid-'normal' and 'superfluid', which could, for demonstration purposes, be viewed as movements of two 'components of the liquid'. The normal motion as in usual fluids is accompanied by internal friction. The determination of the coefficient of viscosity represents a kinetic problem, requiring the analysis of processes of establishing equilibrium in a 'gas of quasi-particles'; in 1949 (44) Landau (together with I. M. Khalatnikov) developed the theory of the viscosity of helium-II.
The liquid isotope 3He represents a quantum liquid of another kind now termed a Fermi-type. Although its properties are not as spectacular as the properties of liquid 4He, in principle they are no less interesting. The theory of such liquids was founded by Landau and expounded in three articles, published in 1956-58 (60, 61, 65) . The first two established the character of the energy spectrum of a Fermi liquid, discussed its thermodynamic properties and established the kinetic equation for the relaxation processes in it. In the third article the kinetic equation, the deduction of which earlier contained a number of intuitive assumptions, was given a strictly microscopic foundation.
Research on the kinetic equation led Landau to forecast a special type of oscillatory process in liquid 3He close to the absolute zero, which he called zero sound. This phenomenon was, in fact, observed during an experiment in 1966. Although Landau was still alive at the time, he could not fully experience the joy of this new triumph of the strength of his scientific foresight.
The photograph is by E. M. Lifshitz.
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